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APOLLO-SATURN I LAUNCH 

PROBABILITY BASED ON WINDS ALOFT 

By Donald C .  Wade 

1.0 SUMMARY 

Monthly launch p robab i l i t i e s  based on wind data  from t he  Cape 
Canaveral area are  derived and presented for the  SA-6 vehic le .  Curves 
a r e  a l s o  given for determining the  monthly launch p robab i l i t i e s  from 
t h i s  s i t e  for l a t e r  Sat.urn I vehicles wi th  d i f f e r e n t  'launch w l ~ d  l i m l -  
t a t i o n s .  
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2.0 INTRODUCTION 

For scheduling and f l i g h t  planning it  i s  des i rab le  t o  have some 
idea of the  percentage of t i m e  a launch can be expected t o  be successful  
during a pa r t i cu la r  time period. This i s  a complex problem. One of t h e  
l a rge  unknowns i n  t h i s  problem i s  the e f f e c t  of winds a l o f t  on t h e  vehicle .  
The objec t  of t h i s  paper i s  t o  derive and present  the  launch p robab i l i t i e s ,  
based on wind da ta ,  fo r  the SA-6, and other  Saturn I vehic les  launched 
from Cape Canaveral, Florida.  These p robab i l i t i e s  a r e  based on a seven- 
year  survey of t he  winds a t  Cape Canaveral and Par t ick  AFB. 
s t a t i o n s  a r e  only about 24 km apa r t ) .  (Ref. 1) 

(These 

The vehicle  response was calculated by the  method derived i n  
reference 2. The monthly d i s t r ibu t ion  of wind speeds used can be found 
i n  reference 3. 



3.0  ASSUMPI'IONS AND PROCEDURE 

Lis ted below a r e  the important assumptions u t i l i z e d  i n  t h i s  paper 
and i t s  references:  

1. The s t a t i s t i c a l  wind data  i s  representat ive o f  any fu ture  year  
(or month) of i n t e r e s t .  

2. Windspeeds i n  the  v i c i n i t y  of a cumulative percentage frequency 
of 50 percent w i l l  be most frequently encountered. 

3. Winds 211 blow ir, the same d i rec t ion  aril  a r e  i n  the  p i t ch  plane 
of the  vehicle .  

4. Deviations from the  programed a t t i t u d e  h i s to ry  a r e  negl ig ib le .  
(Ref. 2) 

5. The small angle approximation i s  va l id  when using angle of a t t a c k  
or engine def lec t ion  angle.  (Ref. 2 )  

6. The wind does not a f f e c t  the  dynamic pressure s ign i f i can t ly .  
(Ref. 2 )  

The procedure used i n  th i s  study w i l l  now be described. The f i rs t  
s t e p  was t o  a r r i v e  a t  a wind p r o f i l e  for  each month. The f igures  chosen 
were for t h e  cumulative percentage frequency of 50 percent ,  a s  found i n  
reference 1. 
which w i l l  not be exceeded by one-half of a l l  occurrences (based on the  
period 1951 - 1957). 
be the  ones most l i k e l y  t o  be found during any pa r t i cu la r  month i n  the  
fu ture .  
mean. 

These numbers represent  the  median values of wind speed 

It was assumed tha t  these monthly wind speeds would 

Note t h a t  t h i s  i s  an occurrence median r a the r  than a magnitude 
These p r o f i l e s  a r e  p lo t t ed  on f igure 1. 

The next s t e p  taken was t o  normalize these wind p r o f i l e s .  This was 

These 
done by p l o t t i n g  the  r a t i o  of t h e  windspeed t o  the  peak windspeed ( i n  the  
30,000 t o  45,000 foot  a l t i t u d e  region)  versus a l t i t u d e  ( f i g .  2 ) .  
curves suggest t he  p o s s i b i l i t y  of using one normalized shape t o  represent  
a l l  of them. 
the  s t ronger  winds (winter months). 
months) do depart  somewhat from t h i s  idea a t  higher and lower a l t i t u d e s .  
(See f i g .  2)  These deviat ions however w i l l  not  a f f e c t  the  answer appre- 
c iab ly  i n  the  area of maximum vehicle  loads,  t h a t  i s ,  the  30,000 t o  
47,000 foo t  a l t i t u d e  range. 
which was representat ive of the stfonger wind values. This non- 
dimensional wind shape i s  presented i n  f igure  3. 
were ca lcu la ted  from t h i s  shape and are  shown on f igure  4; these p r o f i l e s  

This i s  an espec ia l ly  good approximation f o r  t he  months with 
The l e s s  c r i t i c a l  months (summer 

Therefore one normalized shape was chosen 

Four wind p r o f i l e s  
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simulate the  p r o f i l e s  f o r  the  months of March, August, October and a 
p ro f i l e  with a 300 fps  peak windspeed. 

Next the e f f e c t  o f  these wind p ro f i l e s  on the  C-1 vehicle loads 
i s  studied. This i s  accomplished by the  method of reference 2. The 
use of t h i s  method i s  best  i l l u s t r a t e d  by an example. For the  month 
of March the  peak wind speed = 139.77 fps. Using t h i s  nmber  and the  
normalized shape i n  Figure 3, the following values may be calculated: 

Altitude 
La ye r 

1,000 f t .  

0 - 5  

5 - 10 
i o  - 15 

e t c .  

',/'Peak 
a t  m i d  - la  ye r 

(Fig. 3) 

15 

.22 

30 

Now having the simulated 

'Peak 
fPS 

139.77 

139.77 

139.77 

'n 
rhs 

20.97 

30.75 

41.93 

2.10 

' 98 

1.12 

rind p ro f i l e ,  the  angle of a t t ack  due t o  
the wind (aw) may be calculated as  follows (Reference 2) :  

11 a 

21 a 

"31 

22 a 

&32 3: 
a 

U 
1 W 

U 

2 W 

a 
w3 

where " a  i s  "a" fYom row 3, column 2 i n  Table 1. Physical ly  t h i s  

means i t  is the  angle of a t t ack  response a t  the  3rd l aye r  (12,500 f't.) 
due t o  a un i t  10 f'p wind s t a r t i n g  a t  the  2nd layer  (5,000 f t .  ). 

32 

'1 c 
10 

'2 - '1 
10 

'3 - '2 
10 
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Subst i tut ing numbers in to  the  m,%trix equation yields:  

1.537 

543 .885 

255 ,430 .650 

= a  = 1.537 (2.10) = 3.23 W 
0 -5 

a = .543 (2.i.0) + .a5 (.98j = 2.01 
5 -10 W 

2.10 

’ 98 

1.12 

a = .255 (2.10) + A30 (.98) + .650 (1.12) = 1.69 
i o  -15 W 

The programed angle of a t tack  (a ) must be added t o  these.  The 
P 

r e su l t i ng  angle of a t t ack  ( a )  may then be mult ipl ied by the  appropriate 
dynamic pressure (9). For the  C-1  these values f o r  a become: 

t i t u d e  

,000 ft. 

Programed 

P 
a 

Deg 

.80 

50 

.20 

a =  
a + a  

P W  
k g  

4.03 

2.51 

1.89 

Dynamic Press. I 

psf  

78 

244 

392 

314 

612 

741 

Thus aq may be calculated for a l t i t u d e s  from 0 t o  70,000 feet 
using these data. 
and are p lo t ted  i n  Figure 5 as a f’unction of a l t i t ude .  
peak windspeed has been p lo t ted  a s  a function of the  peak windspeed i n  
Figure 6 from Figures 4 and 5. 

Values have been calculated f o r  the Saturn I vehicle  
The aq a t  the  

F ina l ly  the monthly windspeed p robab i l i t i e s  fo r  Cape Canaveral are 
p lo t t ed  i n  Figure 7 from data  contained i n  Reference 3 .  
aq = 3,700 deg - psf (Reference: 
Technology Division from L. G. St .  Leger dated November 19, 1962). I n  

For SA-6 the  
Memorandum f o r  Chief, Spacecraft 
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t h i s  study an allowance of 1,700 deg - ps f  i s  made f o r  gus ts ,  thus 
reducing the l i m i t  aq t o  2,000 deg - psf. Entering Figure 6 with 
aq t o  2,000 deg - ps f  y i e lds  a peak windspeed o f  40 M/sec. 
en ter ing  Figure 7 with 40 M/sec, the ,  monthly launch p r o b a b i l i t i e s  
from Cape Canaveral may be obtained for t he  SA-6. 
are l i s t e d  i n  Table 2. 
Saturn I launch p robab i l i t i e s  from t h i s  s i te  f o r  peak a q ' s  up t o  
4,150 deg - psf which corresponds t o  a peak windspeed of 100 M/sec. 

Now 

These p r o b a b i l i t i e s  
Figure 6 and 7 permit t he  es t imat ion  o f  



. 
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4.0 RESULTS AND DISCUSSION 

Table 2 and Figures 6 and 7 represent t he  r e s u l t s  of  t h i s  paper. 
Table 2 presents  monthly launch p r o b a b i l i t i e s  of the  SA-6 from C a p e  
Canaveral, Florida.  Figures 6 and 7 give the  c a p a b i l i t y  of obtaining 
t h i s  same information f o r  o ther  loading l imi t a t ions  o f  t h e  Saturn I 
Vehicle launched fYom t h i s  location. These two f igures  a re  gene ra l ly  
used i n  t h i s  fashion: 
t h i s  value Figure 6 i s  used t o  obtain the  maximum permissible windspeed 
i n  the  30,000 t o  45,000 foot a l t i t u d e  region. 
t h i s  windspeed, the  monthly launch p robab i l i t i e s  may be read d i r ec t ly .  

The l imi t ing  aq i s  known or estimated; with 

By en te r ing  Figure 7 with 

%ne wind p r o f i l e  during ar,y particular launch might be quite 
d i f f e r e n t  from the  value used i n  t h i s  study. It i s  not t he  i n t e n t  of  
t h i s  paper t o  evaluate individual wind p r o f i l e s  however, but r a t h e r  to 
give launch p r o b a b i l i t i e s  f o r  fu ture  f l i g h t s .  

Windspeeds with a cumulative percentage frequency of 50% (median 
va lues )  were assumed t o  be the most f’requently encountered values. 
normalized shape obtained from these  values compares w e l l  with t h e  
normalized shapes f o r  a l l  the  o the r  percentage frequency leve ls .  

The 

The winds w e r e  assumed t o  be i n  the  p i t c h  plane of the  vehicle and 
t o  blow i n  the  same direction. The vehicles are launched e s s e n t i a l l y  
east. 
o f  June and sometimes September. The winds speeds f o r  these months are 
low however. The d i r ec t ions  a r e  e s s e n t i a l l y  constant with increasing 
a l t i t u d e ,  but t he re  i s  a general  tendency for  a s l i g h t  clockwise change. 

The winds are genera l ly  i n  the east-west plane with t h e  exception 
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TABU 11.- LAUNCH PROBABILITIES ITIR SA.-6 

$ Time L i m i t  aq = 2,000 degbpsf i s  
Not Exceeded 

58. o 

53.0 

47.0 

64.0 

85. o 

96.5 

99.8 

9.9.8 

99.8 

84.0 

62.0 

59.0 
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Figure  4. - Wind p r o f i l e s  based on normal i  zed shape. 
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F igure  7.- Wind speed p r o b a b i l i t y  f o r  Cape Canaveral 


